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EXTRUDED EARPLUG 



p&r.ifflROUND * ff F INVENTION 

One common type of disposable eanplug includes a largely cylindrically- 
shaped body formed completely of slow recovery foam material. Such earplug is 
installed by rolling between the fingers to a small diameter and inserting into the 
eer canal where it expands against the ear canal over a period of perhaps thrrty 
seconds. Such earplugs can be formed by punching a plug out of a plate of slow 
recovery material, by molding individual earplugs in individual molds, and by 
extruding material that is cut into earplugs. PCT Publication WO 02/26465 
describes the use of a rotary knife cutter to cut an extrusion at the die face of the 
extruder. Although the foamable material continues to foam and forms a somewhat 
rounded surface after it is cut at the die face, the end of the earplug tends to form 
a non-symmetric rounded end. A non-symmetric end, even if rounded, creates an 
appearance of poor quality. For foam earplugs that are not of the slow recovery 
type that is rolled into a small diameter, an off center rounding can interfere wrth 
insertion of the earplug into the ear canal. It is noted that slow racovery earplugs 
era convenient to use, but have the disadvantage that they tend to become d,rty 
when rolled between the fingera of workers with dirty hands prior to insertion ,n the 
ear canal. 

Another type of commonly used earplug isformed of rapid recovery resilient 
foam material. Su* an earplug can be pressed into the ear canal without rolling 
to a smaller diameter, but is difficult to install without means for stiffening it agarnst 
column-like collapse. One approach to stiffening the earplug is to prov.de a core 
that extends along the axis of the earplug, the core being constructed of materia, 
stiffer than that of the covering that surrounds the core and that is compressed by 
,he ear canal. U.S. Patent 5.753,015 describes me feeding of a small diameter 
rod-shapsd core through an extrosion head while resilient foam material ,s 
extruded arc^d the core. The resulting extrusion is cot into individual earplugs 
by a knife blade. Other means for cutting include hotwire, water jet, and laser. 
Although this patent describes means for forming the earplugs, as to round tar 
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ends while the foam has not yet solidified, this is difficult to do without hardening 
the foam so it loses its resilience at its compressed ends. 

Extruded earplugs and methods and equipment for forming them, which 
provided largely symmetric earplugs that could be easily inserted into the ear canal 
would be value. 

SI IMMARY OF THE INVENTION 

In accordance with one embodiment of the present invention, an extruded 
earplug apparatus is provided, which has symmetrically formed portions such as 
an end that is inserted into the ear canal, and which is easily constructed. In a 
process wherein an extrusion is cut into individual earplugs as it emerges from the 
extrusion head, the cutting of the extrusion is accomplished by at least two cutting 
blades that move in largely opposite directions across the extrusion. This produces 
largely symmetric deformations of the end of an earplug lying adjacent to the 
extrusion head, so the additional foaming and rounding of the earplug end is 
largely symmetric to produce an earplug of quality appearance and easy 
insertability. 

One type of extruded earplug includes a sleeve-shaped core and rapid 
recovery resilient foam material covering the sleeve and filling the inside of the 
sleeve. At an end of the extrusion head, the sleeve is cut perpendicular to the 
earplug axis, but the covering and string-like foam within the sleeve both become 
rounded. This avoids the appearance of a projecting core which might scrape 
against the ear canal and create discomfort during installation. 

• An earplug formed solely of rapid recovery resilient foam is stiffened by one 
or more bands where the foam is compressed, the bands extending in planes 
perpendicular to the axis of the earplug. The bands are formed by a plurality of 
compressing dies that symmetrically compress the foam at locations near the 
extrusion head. 

The novel features of the invention are set forth with particularity in the 
appended claims. The invention will be best understood from the following 
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description when read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partially sectional side view of an extrusion head and of an 
extrusion being cut to form an earplug. 

Fig. 2 is a side elevation view of the final earplug created by the process of 

Fig. 1. 

Fig. 3 is a view taken on line 3-3 of Fig. 1 , showing only the cutting blades 
and actuators in their closed severing positions. 

Fig. 3A is a view of the apparatus of Fig. 3, with the cutting blades in their 

open position. 

Fig. 4 is a front elevation view of an extrusion shearing apparatus of another 
embodiment of the invention, in a first stationary position. 

Fig. 4A is a view similar to Fig. 4, with the apparatus in a second stationary 
position. 

Fig. 5 is an isometric view of an earplug resulting from severing an extrusion 

by a single knife blade. 

Fig. 6 is a partial isometric view of a pair of cutting blades that rotate in 
opposite directions in accordance with another embodiment of the invention. 

Fig. 7 is a partially sectional side elevation view of an extrusion head, a 
compressing apparatus, and a chain of earplugs resulting from the extrusion and 
compressing process. 

Fig 7A is a side elevation view of one of the earplugs of the chain of Fig 7 

after it has been severed from the chain. 

Fig. 8 is a partial sectional side view of an extrusion head and compressing 
apparatus of another embodiment of the invention, in a process where a sleeve- 
shaped core is passed through the center of the extrusion head, the figure also 
showing a portion of a chain of earplugs resulting from the process. 

Fig. 9 is a partially sectional side view of one of the earplugs of the chain 
of earplugs of Fig. 8, after it has been severed from the rest of the chain. 
// 
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Fig. 10 is a sectional view of an extrusion head similar to that of Fig. 8, but 
with cutting blades for cutting individual earplugs out of the extrusion at a location 

adjacent to the extrusion head. 

Fig. 1 1 is a sectional view of one of the complete earplugs created by the 

process of Fig 10. 

Fig. 12 is a sectional view taken on line 12-12 of Fig. 11. 

Fig. 13 is a partially sectional view of an extrusion head and a short length 
of extrusion that forms an earplug, and showing cutting blades and compression 

dies applied to the extrusion. 

Fig. 14 is a sectional view of the earplug resulting from the process of Fig. 

13. 

Fig. 15 is a view taken on line 15-15 of Fig 13, showing a set of four 
compression dies in their open position. 

Fig. 16 is a view of a set of three compression dies in their open position. 
Fig. 17 is a sectional view of an earplug and compression dies applied 

thereto, of another embodiment of the invention. 

Fig. 18 is a sectional view of only the earplug of Fig. 17, taken on line 18-18 

thereof. 

Fig. 19 is a partially sectional view of an extrusion head, cutting blades in 
an open position, and compression dies in an open position, for forming an earplug 
of another embodiment of the invention. 

Fig. 20 is a sectional view of an earplug constructed in accordance with the 

process of Fig. 1 9. 

Fig. 21 is an elevation view of apparatus useful in the production of earplugs 

that are severed at the extrusion head. 

Fig. 22 is a sectional side view of an earplug of another embodiment of the 

invention. 

Fig. 23 is a side elevation view of an earplug of another embodiment of the 

invention. 

// 

// 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 illustrates an extrusion head 10 with an extrusion die 12 having a 
substantially round opening 14, and a quantity of flowable foam polymer material 
16 that is pressurized to emerge in a forward direction F from the extrusion head. 
As the material emerges, it rapidly foams, and in so doing it grows in diameter to 
a final diameter A that is perhaps two to five times the diameter of the round 
extrusion die opening 14. The foaming of the polymer material is indicated by the 
appearance of and increased density of bubbles representing the foam. In the 
process of Fig. 1 , the extrusion is cut into earplugs each having a length of about 
30 mm (10 mm to 50 mm). It is highly desirable to severe the extrusion 22 that 
projects by at least 1 cm forward of the extrusion head, from material emerging from 
the extrusion head, close to the plane 24 at the front end of the extrusion head. At 
the severing location 26, the foamable material has not completely foamed, and 
when cut there the cut surface will continue to foam and become rounded. A 
rounded earplug end is desirable, because it results in a tapering that facilitates 
insertion of the earplug into the ear canal. 

One way to severe the extrusion 22 from the foamable material in the 
extrusion head, is with a knife blade that moves rapidly across the axis 30 of the 
extrusion at the location 26. While a knife blade that rapidly moves across the 
location 26 will reliably sever the extrusion from the material at the extrusion head 
opening, this can result in a non-symmetric earplug end. Fig. 5 shows an example 
where a blade has severed an earplug end, resulting in one side 40 of the earplug 
end projecting more forward of an opposite side 42. Such non-symmetry creates 
the impression of poor quality. Also, a projection at 40 at one side can make it 
somewhat more difficult to insert the earplug into the ear canal. 

In accordance with one aspect of the present invention, applicant severs the 
extrusion 22 of Fig. 1 from the material emerging from the extrusion head opening 
14, by a plurality of cutting or shearing blades. Fig. 3A shows the cutting blades 
50,52 in an open position, wherein center parts 54, 56 of the cutting edges 60, 62 
are separated to allow the extrusion to pass between the blades. Fig. 3 shows the 
cutting blades 50, 52 in their closed position, wherein they have moved across one 
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another to shear the foamable material which has only started to foam. A pair of 
actuators 64, 66 move the cutting blades toward and away from each other. The 
movement is rapid compared to the rate of extrusion of material out of the extrusion 
head. 

Figs. 4 and 4A show another cutting apparatus 61 which includes a pair of 
blades 63, 65 that each has two cutting or shearing edges 71 A, 71 B, 73A, 73B. In 
Fig. 4, cutting is achieved by moving blade 63 downward along arrow 67 and 
moving blade 65 upward along arrow 68 to shear the extrusion 69 between them. 
The blades end in the positions of Fig. 4A. From Fig. 4A blade 63 is moved 
upward while blade 65 is moved downward to again shear the extrusion 69 
between them. Since the blades 63, 65 do not have to stop and reverse direction, 
they can cut the extrusion faster and avoid having significant extrusion flowing 
against the blades. 

The use of a plurality of cutting, or shearing blades results in a more 
symmetric earplug end at the instant of severing the earplug from the material 
initially being extruded, resulting in the severed end growing while it foams to a 
more symmetric configuration. As mentioned above, an earplug end that is more 
symmetric about the earplug axis 30 results in an earplug that appears to be of 
higher quality and which is easier to insert into the ear canal. It is found that 
foamable material that is just beginning to foam, does not stick to steel cutting 
blades. The centers 54, 56 of the cutting edges shown in Figs. 3 and 3A are 
preferably concavely curved. The concave edges tend to push material at opposite 
sides of the edge towards the axis of the earplug for greater symmetry. Three or 
more cutting blades can be used which move in different directions toward one 
another, for even greater symmetry. However, there is generally no advantage of 
more than six blades, but only more complexity. Fig. 6 shows a pair of cutting 
blades 70, 72 which rotate about corresponding axes 74, 76 in opposite directions 
to cut the extrusion between them, preferably with a shearing cut. Rotation of the 
blades 70, 72 is timed with the rate of movement of the extrusion out of the head, 
to produce earplugs of predetermined lengths. Fig. 2 illustrates a finished earplug 
27 resulting from the processes, with rounded ends 28, 29. 
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The extruded material 16 in Figs. 1 and 2 is a rapid recovery resilient 
foamable or foamed polymer material. A rapid recovery foam returns to its original 
shape within a second of moderate compression, compared to slow recovery foam 
that requires a plurality of seconds to return to 95% of its original diameter when 
moderately compressed (to 30% of its original thickness). The earplugs have an 
outside diameter of about 0.4 inch (10 mm). The end of the finished earplug that 
first centers the ear canal is referred to as the front end. 

Fig. 7 illustrates the use of an extrusion head to extrude foamable material 
into an extrusion 84 which forms a chain of earplug elements or earplugs 88, that 
can be cut into individual earplugs. At intervals, a plurality of compressing dies 90, 
92 compress the extrusion immediately forward F of the extrusion head. The result 
is that each earplug of the chain has opposite ends 94, 96 that are rounded except 
at a pinch location 100 where the compressing dies have pinched the foamable 
material. When earplugs are required by a worker, the last earplug in the chain is 
cut at its pinched location 1 00 to separate it from the rest of the chain. As shown 
in Fig. 7A, which shows an earplug separated from the chain, each earplug has 
rounded ends 94, 96, except for slight nipples or protrusions 1 02, 1 04 of lengths 
B. The pinched locations 100 between the rounded portions of adjacent earplugs 
each has a diameter much less than half the maximum diameter C of the earplug, 
and preferably less than one-fourth as much, so the projections 1 02, 1 04 generally 
will not interfere with insertion of an earplug end into the ear canal. Since the 
projections such 102 are formed of soft resilient foamable material, they will not 

hurt if scraped against the ear canal. 

Fig. 8 illustrates another method for generating a chain of earplugs 110 
wherein each earplug has a core 1 12 that resists column collapse along the axis 
1 14. The particular core 1 12 is in the form of a sleeve 1 16 of material that is more 
rigid than the foamable first material 120 after it has foamed and solidified to form 
a resilient foam polymer material. The inside of the sleeve is filled with a string 122 
of resilient material which is preferably the same as the material of the covering 
124 that surrounds the core. 



// 
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As the extrusion emerges from the extrusion heari, a plurality of extrusion 
dies 132, 134 pinch it. The result is a chain of earplugs with the core 112 
extending continuously through the chain. The las. earplug in the chain is severed 
from the chain by cutting it at a pinched location 1 36. Fig. 9 illustrates an earplug 
1 40 that has been cut from the chain. The ends of the earplug have large flat spots 
142 , 144. It is possible to compress, or pinch, the locations 136 so there is no 

covering 124 at the pinched locations. 

The resilient foam material of the covering 124 preferably has a durometer 
of 1 to 10 shore A, such as 2 shore A. The material of the core has a durometer 
of about 30 shore A, so the core material is at least twice as stiff as the covering 
material. The core material is preferably a solid (no foam cells) elastomenc 
material such as a medium soft thermoplastic elastomer. 

Fig 10 illustrates another method for forming earplugs similar to that of Fig. 
8 wherein a core 112 passes trough an extrusion head 130 along with the 
foamablefirst material 1 20. However, instead of pinching the end of each earplug, 
applicantseversitbyapairofcuttingbladeslSO, 152. As a result of such cutttng, 
the covering 1 64 adjacent to the extrusion head 1 30 expands in a bulge, as does 
the string 156 that fills the sleeve core 1 12. The final earplug shown in F.g. 1 1 
shows that the result is convexly rounded ends 160 of the outer covering 1 61 and 
oonvexly rounded bulging ends 162 of the string. The sleeve ends 164 are cut 

perpendicular to axis 166 of the earplug. 

Fig 12 shows that the sleeve 112 is of Oshaped cross-section, with a gap 
170 of about 60° through which the foamable polymer material can pass from the 
outside of the sleeve into ma inside of the sleeve. Instead of using a sleeve- 
shaped core, a solid core can be used. In Fig. 11, the sleeve has an outer 
diameter of about 4 mm while the covering outer diameter is about 1 0 mm. A sol ,d 

sleeve of about 2 mm diameter can be used instead. 

Fig 13illustratesanothermethodforforminganearplug180. The method 
includesapplyingcompressiondieassemblies182,184toformnarrowbands190, 

192 where the material of the earplug is radially compressed. The compression 
occurs before the foamed material has completely solidified. Such compression 
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• «wi« e oin 91 2 to form the earplug end 204 to a mgnueira * 
wide compression dies2iu,*iAi 0,ul,l,UK * r ° . . , hD 

ear T»s noted that me foamable — can be easily shaped -oui 
hardelg and W* — ^ short distance ^ *-« 

ce^^^-^^-^aL^ea, 

— T" ^rJl I— can be P— y 
Hnwnstream of the extrusion head, the toamea m« 

stiffer) although net as stiff as the sleeve core matenal. d 

hi« 221-224 The dies are shown as of a type that 
182includefourcompress l ondies221-224. me 

overlap one enother and that have concave compress,on edges 226 mat form 
earplug band 190 so it is substonUally *u* ^ 

in largely *w OQrn .„ a 940 whose front portion 242 tnat 

Fias 17 and 18 show another earplug *w wnu k 
enters me ear oana, is stKfened agains, colunrn-type ceiiapse by a plura„ty o, 
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• nc944 The rear portion 246 is more highly compressed, 
narrow depressions 244. The rear p construction 

„ rQ i. 1<4 ocQ for forming an earplug ot " 

Fig. 19 shows apparatus 250 a 

nM . cin 9fl i n Fia 19, the extrusion 254 is cui Dy * y 
shown at 252 in Fig. 20. in i-ig. extrusion is 

blad es 256. 258 _*« * - - - — < ndu e perhaps 

three or four compression dies of the type «>" 

e^P^ed rear end of .he earplug. ^ ^ ^ Up 

Fig. 21 illustrates an apparatus 280 for P 

, , ■ oqo otu at the extrus on head 286. as me 
severing them with cutting blades 282, 284 at fte e ^ 

sevaad ,engfts of exfruslon, whi* form ^ed openings 

ftey reech a conveyer belt 296. ^ be 

Figs . 22 and 23 illusfrafe earplugs ^ 20 «*- 

form ed by fte meftods of fte is pressed 

* — " - T JSS - ,-Ir less ften 75* of its — 
radialiy with respect to its axis 3^,ro 

diame ter, to s«fen fte rear ^"^^ « hav , g expression 
Fig . 23 shows an earplug 320 ****** t0 
bands 322, 324 that stiffen fte front end, and with fterea 
asn^ te rd^rb y band,332«oformare.e^ftJ^ ^ 

r r--„ e o9 and 23 have front ends 334, «wo Dldl « 
The earplugs of Figs. 22 ana <w nav 



extrusion adjacent to the extrusion head. 



^ fte inventton provides an ^^J^^Z 

* xh« ovtrusion can be severed at tne exu u»i« 
and construction equipment. The extrusion can 
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by a plurality of cutting blades that move in largely opposite directions to produce 
a largely symmetrical cut that allows the end of the earplug to foam and grow into 
a largely symmetrical rounded end that is preferred for earplugs. A cham of 
earplugs can be formed by compression dies that compress the extruston at 
intervals to form compression locations, so when individual earplugs are cut from 
the end of the chain the earplugs have largely rounded ends except for small 
nipples where each earplug was severed from an accent earplug of me cha,n 
The earplugs can be sffifened by a core that passes through the extrusion head 
along with foamabie polymer material mat forms a covering around me core. The 
resulting extrusion can be severed a. ma exlrusion head to immediately term 
individual ean>lugs. or can be merely impressed at me extmsion head to form a 
chain of earplugs with somewhat rounded ends. The core can be in me form of a 
sleeve that ie filled with loam polymer material, and me sleeve can have a gap ,n 
it to allow me same foamabie polymer material that covers the sleeve-shape core 
to also fill the inside of me sleeve. Extruded earplugs can be shaped by 
compressing dies applied to mem. Narrow compressing dies, of an axial width less 
man half the maximum diameter of me earplug, can be applied at locates 
between opposite ends of the earplug to partially radially compress me foam 
material to stiffen it against column-like compression. A rear end of the earplug 
oan be compressed to a diameter no more than 60% of the maximum diameter of 
me earplug 10 form a stiffener handle. The compression dies preferably include at 
least two dies. Applicant can use pin-shaped dies to form small areas where me 
earplug is compressed to stiffen it. Thefacf that an earplug has been extruded can 
be determined by closely examining it 

Although particular embodiments of me invention have been described and 
Illustrated herein, it is recognized mat modifications and variations may readrty 
occur to those skilled in the art, and consequently, it is intended that me claims be 
interpreted to cover such modifications and equivalents. 
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\a/uat is P.I AIMED IS: 

1 An earplug apparatus comprising: 

an earplug comprising resilient foam polymer material that has been 
extruded through an extrusion opening, said earplug having an axis, and sa.d 
earplug having an outer surface that is partly cylindrical; 

said earplug outer surface includes at least one region centered on sa.d ax.s 
where said polymer material has been radially inwardly compressed from at least 
two largely opposite sides. 

2 The apparatus described in claim 1 wherein: 

said earplug has opposite ends spaced along said axis, and said at least 
one region indudes a plurality of band shaped regions lying between said ends, 
each of said band shaped regions having a length along said axis which is no more 
than half the diameter of the band-shaped region. 

3 The apparatus described in claim 1 including: 

a rear band shaped region forming a handle and having a cross-section 
takenperpendiculartotheaxisofnomorethanabouteoo/oofthemaximumcross- 

section of the earplug. 

* 

4 The apparatus described in claim 1 wherein: 

said earplug has locations of maximum diameter, and said earplug has a 
front portion that enters the ear canal and a rear portion that serves as a handle; 

said plurality of band-shaped regions include a band along said front 
portion, where the outside diameter of the earplug has been reduced to between 
60% and 90% of the maximum diameter of the earplug. 

5 The apparatus described in claim 1 including: 

a chain of earplug elements, each having a length between about 10 to 40 
miliimetera, with sequential earplug elements along the chain being part* 
separated by a separation location which has at least about a 50% reducton .n 
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diam e t e r soanea r p,u ge le m en. a t»heendof t hec h ainc a nbesepara t e df ro m .he 

rest of the chain by cutting a separation locat,on; 

said earplug bein, one of said earplug elements of sa,d cha,n. 

« The apparatus described in claim 5 wherein: 

said I" of ea^lug elements has a maximum =-de — an 

said - about one-ouarter the average thicKness o, said polymer 

material along the length of the earplug elements. 

7 An extruded earplug apparatus, comprising: 
an altg whfch has a substantia,* cylindrical stiffening sleeve w„h an 
• a J2 sunounding said sleeve and a sfring lying within and filimg sa,d 
3X.S, a covenng surroun g of a resilient foam polymer 

r^^rhTrw-...^-— 

- tnsi. . « - - - - « - - saM 

has an end that is convex* rounded, and said string has an end that ,s convexiy 
rounded. 

8 The apparatus described in claim 7 wherein: 

said string has opposite aids that are each convexly rounded. 

9 The apparatus described in claim 7 including: 

a pi of earplug devices extending in a chain, said earplug be,ng one 
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^rssr. zl — — - - r- ends rf 

each earplug device to define the earplug devices along the c*a,n. 

pej^lre said resiiient poller foam ferial is stifier than at sa,d 
locations of maximum outer diameter. 

a i The aooaratus described in claim 10 wherein: 

11. The apparatus includes a 

where said resilient polymer foam matenal « sWfer than 
maximum outer diameter. 

12 . An earplug apparatus, -"^ 

a chain of earplugs that has an a»s ^ as stH 
.net covers the core, the core being constructed of matenal 

^rrX ri ls- outer diameter along the chain and said 
said core navmy covering having 

covering thickness at locations of said maximum thickness. 



13. The apparatus described in claim 12 where.n: 
said core is in the form of a sleeve. 



// 
// 
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14 The apparatus described in claim 1 3 wherein: 

said sleeve has a slot extending along its length and said sleeve is filled with 
a string of the same material as said covering. 

15 Apparatus for use in forming earplugs by extruding foamable material 
through an extrusion die, by also cutting the extrusion into pieces as the extrus.on 
emerges from the extrusion die, comprising: 

a pair of cutting blades and at least one actuator for moving the blades in 
opposite directions across the extrusion to cut the extrusion; 

each of said cutting blades has two cutting edges, and said actuator moves 
said blades in first and second directions completely across said extrusion to cut 
the extrusion a first time with first blade edges, and then in second and first 
directions to cut the extrusion a second time with second blade edges. 

16 A method for constructing earplugs which includes extruding polymer 
material which is foamable through an extrusion head opening, toform an extrusion 
with an axis, and allowing the extruded polymer material to foam and expand .n 
diameter and solidify, comprising: 

applying compression forces from at least two largely opposite rad.al 
directions to the extrusion prior to complete solidification of the polymer matenal, 
to permanently deform the polymer material in compression. 

17 The method described in claim 1 6 wherein: 

said step of applying compression forces includes moving a plurality of 
shaping members that each has a concave compression edge, toward sa.d ax,s 
from largely opposite sides of each axis. 

18 A method for constructing earplugs which includes extruding polymer 
materialwhic*, isfoamable, through an extrusion head opening toform an extrusion 
with an axis, and allowing the extruded polymer material to foam and expand ,n 
diameter and solidify, which includes severing the extrusion near the extrus.on 
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^^TTTrrit 1 largely ^ sides - the 

8 PlUraWy * ie extrusion head, until a portion o, the 

extrusion a. a loeation ad^nt me « ^ ^ from 

exW sion o, .ore ^ » - a ,ar g e ly symmetrical out end 

material that is emerging from the head, o p # ^ 

of .he extruded polymer material that allows the out end 



symmetrical rounded end. 



extrusion between them. 



8aid «ep c* movmg a ^ ^ one ^ 

cutung Wades aboU spaced w exirusion . 

in largely opposite direoUons and smnultaneously 
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